Under the new REACH system, companies importing, producing and marketing chemical substances will be obliged to register the single substances and to carry out a safety assessment for all identified uses during the life cycle of the substance. This duty will apply to about 10,000 existing substances in the EU market exceeding an annual production or import volume of 10 t per company. If the substance is already known to be dangerous or turns out to be dangerous 1 during the hazard assessment, the registrant is obliged to carry out an exposure assessment and a risk characterisation for all identified uses. The goal of the safety assessment is to define the conditions of use that allow for adequate control of risk with regard to health and safety at the work place, consumer safety and protection of the environment. Once the registrant has established and documented these conditions in the Chemicals Safety Report (CSR), that information is to be communicated down the supply chain by means of the Extended Safety Data Sheet (eSDS). The ultimate aim of the new legislation is to establish duties and mechanisms that systematically prevent or limit exposure to dangerous industrial chemicals. The current paper explains this concept with regard to environmental exposure and highlights the challenges and possible solutions.
Introduction
The current program on existing substances in the EU (till 6/2006 ) is based on the paradigm that the authorities prioritise and assess substances based on information given by the industry. Additional information from manufacturers may be requested if it is demonstrated that such information is needed. The risk-assessment tools used in this context are geared towards conservative (but still realistic) assumptions, and thus promote generation of additional information by industry.
Under REACH (since 6/2007), the manufacturers and importers of substances will be responsible for assessing the properties of their substances and the conditions of use under which they are applied in the market. This includes at least a brief general description of identified uses (article 10, annex VI) and a set of standard information on substance properties (annex VII to XI of REACH). If there is no indication that the substance is dangerous, the safety assessment is finished. Otherwise, an exposure assessment is required that includes the development of exposure scenarios (ES). An exposure scenario is a set of information describing the operational conditions of use (e.g. duration and frequency of use, amounts used per time) and the recommended risk-management measures suitable to ensure adequate control of risk (e.g. onsite pre-treatment of waste water). Such an exposure scenario may refer to one particular use or to a group of uses. It is to be transmitted down the supply chain via the SDS. The downstream user is obliged to comply with the conditions described, or to go back to his supplier with the request to modify the exposure scenario, or to carry out a safety assessment on his own covering his particular conditions of use.
In the CSR, the registrant demonstrates safe use, applying the established methods of quantitative risk assessment. If the registrant is not able to obtain information on the conditions of use in his market he can make generic assumptions and base the assessment on these. However, the assumptions for the initial exposure assessment (Tier 1) need to be less conservative than in the current tools. Otherwise, the number of substances and uses requiring an in-depth assessment may be so high that the system can possibly not cope with it. Thus, good communication in the supply chain is needed to make realistic assumptions on conditions of use and to feed corresponding emission and exposure information into the Tier 1 exposure assessment.
Figure 1 provides an example on how a generic exposure scenario for textile dying would probably look like. The daily local emission to water and the resulting exposure depends on a number of determinants, including amount of dye used, efficiency of the dyeing process, degradation and partitioning behaviour of the substance, technique to treat the residues (losses of dye stuffs) and locally available water flow to absorb the remaining emissions. Whereas the losses from dyeing process and the effectiveness of certain treatment techniques can be defined in a best (good) practise standard, the use rate and the water-flow rate may vary over a wide range at the user's level. Depending on the substance properties, the effectiveness of biological waste water treatment also varies. There are a number of models available to predict degradation and partitioning of substances in municipal waste water treatment, for example, the SIMPLE TREAT model as used in the current European Uniform Substance Evaluation System (EUSES).
Information becoming available under REACH
The mandatory information to be contained in the registration dossier for substances 410 t/a includes as a minimum the physico-chemical properties of the substance, environmental hazard data consisting of acute aquatic toxicity in three species and the OECD screening test on ready degradability. A hazard assessment will also be carried out related to human health, again based on a standard set of obligatory information. Other available information on the intrinsic properties of the substance has to be considered as well.
In addition, the uses identified in the market have to be briefly characterised. This includes for example the type of preparation in which the substance is applied by the end-user (e.g. a textile finishing chemical) the sectors in which the substance is used (e.g. textile industry and/or consumers), the type of article into which the substance is manufactured (e.g. skin contact textile) or the generic type of application technique (e.g. dipping in aqueous solution)
On the basis of the acute toxicity, degradability, physicochemical properties such as the octanol-water partition coefficient (log K ow ) and other available information, the registrant will decide whether the substance is to be classified dangerous to the environment. This also includes an assessment whether the substance may qualify to be persistent, liable to bioaccumulate in the food chain and toxic (the so-called PBT substances), or qualifies as very persistent, very bioaccumulative (vPvB).
The standard testing methods and the classification criteria are part of the regulatory package of REACH and hence harmonisation of methods across Europe may be achieved. If the registrant can document that a substance does not meet the criteria of being dangerous, the safety assessment can be finished with the implicit conclusion that all identified uses are environmentally safe. Otherwise, the registrant is obliged to carry out an exposure assessment and a risk characterisation for all uses (Table 1) .
Short Title
Substance used in preparations for textile dying Figure 1 . Example for an exposure scenario related to environmental safety (fictive example of a substance classified R51/53 because of being not readily biodegradable and toxic to water organisms at the same time).
Chemicals safety assessment
The chemicals safety assessment (CSA) is an iterative process aiming to establish safe conditions of use (including riskmanagement measures) for a given dangerous substance. This is to establish whether the quantities of the substance released into the environment at local or regional scale may lead to a concentration in the environmental compartments negatively impacting on ecosystems or biota. To characterise the risk, the registrant has to derive a predicted no-effect concentration (PNEC) based on ecotoxicological information. For substances between 10 and 100 t/a, this will often be based on acute aquatic toxicity applying a safety factor of for example, 1000. For higher tonnage and for substances with low water solubility long-term testing with fish or daphnia is required for the derivation of the PNEC. The toxicity data can also be used to derive PNECs for soil and sediment using partition coefficients. Specific long-term toxicity testing with sediment organisms may be required for substances over 1000 t/a if indicated by the results of the CSA, for example if a substance accumulates in sediments. Table 2 gives an overview of the standard information requirements depending on the tonnage. Implementation of the requirements 4100 t/a depends on the findings of the CSA whether (i) information is needed or (ii) a test can be waived due to the assessment that exposure is unlikely.
The environmental exposure depends on the load released into the environment, the routes of emission and the environmental fate of the substance. The latter is largely determined by the intrinsic properties of the substance as for example its partitioning among the compartments (i.e., water, sediments, air, biota) and its degradability under the relevant conditions in these compartments. For substances potentially accumulating in the food chain (i.e., lipophilic substances with a bioconcentration factor higher than 2000), uptake, metabolisation and excretion in water organism determine the accumulation factor in the food chain. These processes can be simulated by testing bioconcentration in the laboratory (see information requirements in Table 2 ).
PBT assessment
For persistent, toxic substances liable to bioaccumulate (criteria see Table 3 ), the safety assessment under REACH does not foresee a quantitative risk characterisation based on the ratio between a predicted environmental concentration (PEC) and a PNEC. In the light of the uncertainties around the prediction of exposure and effects for these substances, REACH does not provide a standard mechanism to demonstrate safe use. There is usually little information available related to the effects that a life-time exposure to such substance may cause in humans and animals. It is relatively easy to predict that a substance with such properties can be determined analytically in human blood and breast milk, mammals and avian predators. However, the level of exposure, the fate of these substances in the body and the long-term effects are mostly very uncertain. In the light of the seriousness of potential effects and the fact that these substances will disappear only very slowly once released to the environment has stopped, a precautionary approach is required. The REACH CSA therefore includes a systematic, tiered assessment of potential PBT/vPvB substances. For (toxic) substances, which finally are demonstrated to be persistent and bioaccumulative, a source and pathway analysis including emission quantification is required in the CSA. On the basis of this analysis, the registrant shall implement and/or recommend measures that minimise exposure and emissions from all life-cycle stages. In the CSA, the registrant shall establish whether the substance meets the criteria to be treated as a PBT or not.
This can be difficult for substances below 100 t/a. At this tonnage band, REACH requires only screening data on biodegradability, liability to bioaccumulate and data on acute aquatic toxicity. According to Annex I of REACH, the registrant shall consider this information and also available information on human toxicity to decide whether further information needs to be generated (e.g. by testing) to fulfil the objective of the PBT and vPvB assessment. However, at this tonnage level, REACH also allows to waive further testing if the registrant implements or recommends appropriate risk-management measures and operational conditions. Waiving further information needs a sufficient justification, for example, that a use takes place only in closed systems at a few locations.
If for higher tonnage substances the available information is not sufficient to decide whether the substance fulfils the criteria, then other evidences like monitoring data available to the registrant and giving rise to an equivalent level of concern, shall be considered on a case-by-case basis.
Emission estimates
Standard testing on ecotoxicity and fate properties of substance as well as accepted models to predict environmental concentration (once a substance has been released into the environment) are available. However, realistic emission estimation is still a major challenge. Thus, a registrant obliged to demonstrate adequate control of his product will need to consult a number of information sources (e.g. his customers) to obtain the necessary information.
The exposure assessment shall cover all life-cycle steps, including manufacture of the substance and formulation of the preparation, as well as use of the substance (in the preparation) in manufacturing the articles.
2 In addition, the service life of these articles must be taken into account, including the waste stage (Figure 2 ).
For each of the life-cycle stages, emission can be expressed based on a generic algorithm linking the key determinants of exposure with each other. The generic formula and the explanation of the corresponding exposure determinants is presented in Figure 3 . Emission can be calculated for a local scenario, for example for a representative manufacturing site where textile dyeing and finishing takes place. In Figure 4 , the generic set of exposure determinants is applied to a site where textile finishing processes take place.
Emission can also be calculated at regional scale, taking into account all the sources from which a substance may be released (including release from textile articles during service life).
Dialogue needed in developing and assessing exposure scenarios
REACH is designed as a top-down system, thus the manufacturer has the duty to carry out a safety assessment for the whole life cycle of the substance and to base this assessment on exposure scenarios. However, REACH leaves open how the manufacturer obtains the information he needs and to which extent the downstream users contribute to this in a pro-active manner. Under REACH, the downstream user is obliged only to respond to the information he receives with the eSDS, most likely starting from 2010. But the downstream user may also choose to contribute information more actively on the conditions of his specific use to enable his supplier or the supplier of his supplier to include the in marine water higher than 60 days, or in fresh or estuarine water higher than 40 days, or in marine sediment higher than 180 days, or in fresh or estuarine water sediment higher than 120 days, or the half-life in soil is higher than 120 days. in marine, fresh or estuarine water higher than 60 days, or the half-life in marine, fresh or estuarine water sediment higher than 180 days, or the half-life in soil higher than 180. 2 ''Article'' means an object that during production is given a special shape, surface or design, which determines its function to a greater degree than does its chemical composition.
respective uses in the registration, and to develop practical, realistic exposure scenarios. The industry associations at each level in the supply chain may play a key role in supporting such dialogues before registration. A generic set-up of the dialogue processes is illustrated in Figure 4 . At least three stakeholders in the supply chain need to contribute information to the safety assessment. Only a combination of all this information leads to a realistic chemical safety assessment. The substance producer provides information on the substance properties (physico-chemical and hazard), for example vapour pressure, water solubility, molecular weight, biodegradation, partitioning coefficients, aquatic toxicity; assumptions on the conditions of use (including risk management) believed to be safe, for example maximum daily amount of substance applied at a local site or a region, minimum available local water flow (if relevant for emissions to water bodies), maximum rate of substance loss from a process, effectiveness of applied general risk-management measures (e.g. municipal sewage treatment plant); and adds a comparison between the estimated level of exposure that could occur under these conditions (PEC) based on a widely accepted models like EUSES, and the level of exposure at which no adverse effects are anticipated to occur (PNEC).
The formulator provides information on the percentage of dangerous substance in their preparation, possibly more specific information on the type and conditions of use, and based on this, possibly more specific emission factors and exposure estimates.
FORMULATION 1
Processing Aid P Aid The industrial user of the preparation contributes information on amounts used at a certain site, duration and the frequency of use the capacity of the local environment to absorb the emission (including on-site waste water and municipal waste water streams), and possibly more specific information on the type and conditions of use (including the measures for pollution prevention and control).
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As long as all three levels in the chain use the same tool to assess the emission rate (including duration and frequency of emission), and the manufacturer makes his assumptions transparent, the downstream users (DU) will not be forced to communicate details of his use up the chain. Moreover, the substance manufacturer will not need to know all the details on use to carry out a safety assessment. However, experience in various case studies show that a generic tool needs sectorspecific adaptations. This applies for example to the technical language in which the determinants of exposure are expressed. If a tool is meant to facilitate communication in the chain, the generic terminology of risk-assessment experts need to be translated into the technical language that is common to the respective sector. Also, in each sector, the determinants driving the emission rate will differ and hence this calls for a sector-wise approach nevertheless still based on a standard exposure scenario concept.
Finishing of textiles in exhaust process
Challenge F make use of existing information
Any manufacturer interested in characterising the uses and the conditions of use in a certain sector of his market will in the first instance use in house-information, for example from the customer service department, from the sales department or from product development. In addition, he can use the OECD Emission Scenario Documents or the EU Documents on Best Available Techniques as a starting point for developing exposure scenarios. It is not easy to identify relevant information contained in these documents and to translate it into a format that meets the REACH requirements. For example, environmental risk-management measures are usually not an explicitly addressed item in the OECD Emission Scenario Documents. From the EU Documents on Best Available Technique, it is often not possible to directly derive information on the effectiveness of certain abatement techniques. Thus, to make these information sources useful under REACH, it will be necessary to develop a library system so that the REACH-relevant information related to processes and activities with chemicals can be identified and retrieved.
Challenge F existing legislation
A large number of legal requirements exists at the EU level and in each EU member state for controlling risks with regard to waste water, waste air, production of waste and products at the end of their service life. Most of these measures are not dedicated to a specific substance and have not been derived in a risk-based assessment process. Nevertheless, these requirements determine the current conditions of use. Often the requirements are sector-related (e.g. measures and thresholds to limit the emission of dangerous substances from textile finishing processes) and could be regarded as a pre-defined, initial 3 exposure scenario. Whether or not these exposure assumptions ensure adequate control of risk related to the substance will be established in the chemical safety assessment.
Challenge F PBT approach
The criteria set by REACH to identify a PBT or a vPvB are quite stringent. In a screening exercise carried out under the EU Existing Substance Program, very few substances were identified as meeting the criteria at the level of simulation tests on biodegradation and bioaccumulation testing.
4 This is mainly due to the fact that the corresponding test data are not available, and that the results of available degradation studies are often difficult to interpret. Therefore, guidance is developed in the framework of the REACH Implementation Projects (RIPs) on how to work with the information available for a substance, in order to demonstrate whether or not the substance is of an equal level of concern, compared to a substance that directly fulfils the criteria as laid down in REACH Annex XIII. This includes, for example, information on measured concentrations of a substance in the environment.
The registrant of a PBT/vPvB substance is required to define exposure scenarios that lead to minimisation of emission and exposure. How such minimisation approach should look like in practice is currently being worked out. The REACH system does not provide criteria here although such criteria are likely to be needed in the registration routine. For instance, quite a number of substances with a high log Pow are expected to fail a ready biodegradation test. Companies intending to register such a substance will reach a decision point quite early in the registration process (i) whether to go for further testing or (ii) whether to treat the substance as a PBT/vPvB, and to demonstrate minimisation of emission based on an appropriate exposure scenario. REACH itself does not support decision taking at this point. Figure 4 . Dialogue processes.
3 An initial exposure scenario is built on readily available information, and reflects the conditions of use as existing in the market. It should contain sufficient information to carry out a quantitative exposure assessment. A initial exposure scenario will be converted into a final exposure scenario during the iterative process of chemicals safety assessment. 4 Source: Online PBT information system http://ecb.jrc.it/esis/ Under the REACH system, each substance manufacturer and importer will be held responsible for his own market volume and the usage pattern in his market. The downstream user is only obliged to respond to the single suppliers' information received with the safety data sheet. Thus the same substance may be supplied to the market by various manufacturers and importers, but no actor in the market is obliged to account for accumulated exposure in his assessments under REACH. In the area of occupational health and safety, there is a requirement to assess the exposure at working place in a holistic way, thus taking account of all products that may contain the same substance. However, such a complementary mechanism does not exist under the EU legislation related to environmental protection. The same applies with regard to cumulative exposure to different substances with additive effects (due to a similar mode of toxic action) in the environment. Thus, from the legal point of view, quite an important share of assessment work remains with the authorities, who still need to address and prevent harmful effects from cumulative exposure. This will in particular be true, as the current protective assumptions built into EUSES, such as the ''fraction of main source'' concept, 5 will possibly not be applied anymore under REACH. Here, each single manufacturer will tend to determine the main local emission source for his own use and the uses in ''its'' chain based on realistic market data.
Nevertheless, chemical industry sector groups may be well advised to informally establish a sustainable tonnage for the whole EU market of a substance to make their future business more predictable. There is also nothing preventing industry to take into account additive exposure of substances having a similar mode of action. This includes of course the need to respect the EU antitrust legislation preventing companies to directly negotiate a single companies' market share.
Moreover, the downstream users may be well advised to identify whether they use different preparations containing the same substance at a single site at the same time. Although not directly required by REACH, it may be an issue addressed by local water authorities in future, for example as part of the requirements of the EU Water Framework Directive.
As a consequence, in developing exposure scenarios, the manufacturers are advised to proactively take into account other sources of the same substance, although not obliged to do so under REACH.
Challenge F service life of preparation and articles
Up to now, emissions of a substance contained in articles are only to be assessed on a case-by-case basis under the EU Existing Substance Program. A standard methodology to establish emission rates and exposure routes from articles does not yet exist. The same applies to the service life of preparations that chemically react during application or use, for example emissions from coatings. Relevant mass-flows can for example occur with regard to plasticisers or flame retardants contained in plastic articles, dye stuff or finishing chemicals contained in textiles and paper or stabilisers contained in tyres.
There are a number of models available to predict migration or emission from articles 6 and it is likely that a standard methodology to develop exposure scenarios for the service life stage of substances in articles may emerge while preparing the implementation of REACH.
Conclusions
The exposure scenario concept should allow for a more transparent assessment of conditions of use and exposure estimation. This hopefully will reduce uncertainty in the emission estimation, improve safe use in the supply chain and provide better ways to control emissions to the environment.
REACH is also a major step in supporting risk communication up and down the supply chain. In particular, it will lead to more awareness and information at the level of manufacturers and importers on the conditions of end-use of their products. The exposure scenario concept will also facilitate more awareness among industrial and professional users with regard to consumer and environmental risks caused by single dangerous substances in their raw materials. Site-and workplace-related risk management in companies may become more integrated with product safety issues related to the customers of the company. This in particular includes the service life and waste life phase of articles.
The REACH implementation process should lead to an easy-to-use communication system on which types of use a manufacturer supports and which not. Hence the number and extent of gaps in responsibility may decrease. Moreover, based on the exposure scenario concept, it may become visible where substance and risk-related requirements have been missing so far in the existing environmental legislation.
A number of important mechanisms in the system depend on the capacity and initiative of authorities. For example, there is the need to link the single-substance-single-manufacturer concept of REACH to a more holistic assessment perspective 5 In the current EU Technical Guidance Document on Risk Assessment (ECB, 2003) , the fraction of main source is a default assumption in which fraction of the total market volume of a substance may be used and emitted at a single site at a maximum. The fraction of main source differs from sector to sector of use.
addressing total environmental loads and cumulative effects in the ecosystem and indirect human exposure linked to that.
Further, it needs a strong agency in the starting phase of the system to check whether manufacturers and importers have generated sufficient information to demonstrate safe use of a substance.
REACH is designed to make best use of what is already known about substances. As a result, the use of efficient datamining techniques to prevent unnecessary testing is a first priority. The legislation as such does not provide criteria for decision making at registrants level in situations where significant scientific uncertainty on the type and level of risk remain when the standard information requirements have been fulfilled. This could for example be the case for substances suspected to interfere with the endocrine or the neuronal system. The registrants then should consider generating additional information to reduce this uncertainty, or to develop more stringent exposure scenarios, including advice against particular uses. Such choices will be part of the manufacturers' responsibility under REACH.
There are a number of technical REACH elements that still need some further development to become useful in practice. This includes, for example, the mechanisms on how to convert the information in an REACH exposure scenario into the exposure assessment. Moreover, there are different approaches in industry to start and run the dialogues needed for exposure scenario development. Manufacturers' topdown approaches (aiming to develop generic, not sectorrelated exposure scenarios) and formulators' bottom-up approaches (aiming to provide a structured overview on the conditions of use in the respective sector) are still to be connected. This also includes the question of how detailed a substance manufacturer can describe the safe conditions of use for companies further down the supply chain and how to support the flexibility the single end-user needs. One way of keeping the ES flexible for different downstream users is to allow permutations of all operational conditions to stay within recommended safe use. For example, reducing the emission rate or applying additional risk-management measures could increase the amount of substance safely to be used at a local site. In such concept, the REACH exposure scenario would work as a pre-defined easy-to-use tool for self-assessment rather than a prescriptive guidance on how to use a substance.
